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Human Health Impacts ofForest Fires in the Southern United
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Abstract
Forestrymanagementpracticescan shapepatternsofhealth, illness, anddisease.A primary goalfor ownersof

federal,state,andprivateforestsis to craftecosystemmanagementplansthatsimultaneouslyoptimizeforesthealth

andhumanhealth.Fire—a majorforestmanagementissuein the UnitedStates—complicatesthesegoals. WiLd-

firesare naturalphenomenawith unpredictableeffects. Controlledflres,on theotherhand,are oftenprescribedto

reducebiomassfuels, reducewildfire risks,andprotectresourcevalues.Whilefires can enhancethehealth offire-

adaptedecosystems,researchon the humanhealthimpactsofsmokefromforestfiresissomewhatequivocal. This
articlesynthesizes30yearsofresearchon thehumanhealth impactsofforestfires. It summarizesourcurrentstate

ofknowledgeaboutthefollowing. biophysicaleffectsofenvironmentalcontaminationresultingfromforestflres;
psychosocialimpactsofforestfires;occupationalexposureissuesamongfire crew; visibility impairmentfromforest

firesmoke;andhealthcaremeasuresthataddresstheimpactsofforestfires. Thisarticleprovidesinformation that

may be usefulfor land managers,researchers,policy makers, health care workers,and the generalpublic in
decision-makingaboutforestmanagementpractices.It also recommendsthatfutureresearch-useintegrativehealth

modelsandadoptethnographicresearchmethods.

Fire Researchin the South

Forestrymanagementpractices canshapepat—

ternsof health, illness, and disease.A primary goal

for federal,state,andprivateforestersis to craft eco-

systemmanagementplansthatsimultaneouslyopti-

mize foresthealth andhumanhealth.Fire compli-

catesthesegoals.Fire is a major forestmanagement
issue in the United Statesbecauseof its frequency

andits potentialto damagenaturalandhumanre-
sources.Wildfires arenaturalphenomenawith un-
predictableeffectsthatoccuracrossthe continentat
varying rates.Controlledfires, on theother hand,
areoften prescribedto reducebiomassfuels, reduce
wildfire risks,andprotectresourcevalues.It is com-
mon for peoplewho own forestsin fire-adaptedeco-
systemsto useprescribed(orcontrolled)burningas
ameansforcreatinghealthyforestecosystems.Many
ecosystemsin the southernUnited Statesare fire-

adapted;for example,evergreenshrub bogs, sand-

pinescrub,andflatwoodson the CoastalPlain;prai-

rie grasssavannasandpine forestsin thePiedmont;
andTableMountain pine (Pinuspungens)andpitch
pine (P rx~ida) forestsin thesouthernAppalachians.

‘While fires can enhancethe health of fire-

adaptedecosystems,researchon the humanhealth

impacts of smoke from forest fires is somewhat

equivocal.The healthrisks of smokeare particu-
larly relevantin the southernUnitedStates,the re-
gion with the highestannual averageprescribed
burn areain theUnited States(Hainesetal. 1998).
Between 1985 and 1994, 424,119hectareswere
submittedto prescribedfires (Haineset al. 1998).

For mostpeoplein theSouth,smokeproducedfrom
forest fires hasverylittle or no healthimpact.How-
ever, smoke is a very real concern for certain
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segmentsof the population.Young children, the
elderly, peoplewith pre-existingcardiopulmonary
andpsychiatric conditions,and smokersare par-
ticularly vulnerableto smoke-relatedhealthrisks.
Peopleat greaterrisk of exposureto smokefrom
forest fires, for exampleresidentsof wildland-ur-
baninterfaces,outdoorenthusiasts,andfirefighters,
arealso morevulnerableto healthrisks.

This articlesynthesizes30 yearsof researchon
the humanhealthimpactsof forest fires. Research
on thistopicis takingplacein avarietyofdisciplines
includingforestry,pulmonarymedicine,epidemiol-
ogy, public health, clinical andanimal toxicology,
sociology,andanthropology.Epidemiologicstudies
on the healthconsequencesof indoor air pollution
createdby the burnin.gof biomassfuel for cooking,
heatingand light offer insight into the healthim-
pactsofbiomasssmokecreatedby forestfires (Larson
andKoenig 1994).Studiesin thefield of animaltoxi-
cologyprovideinformationabouttheimpactsof bio-
mass smoke on the healthof animalsthat can be
extrapolatedwith cautionto expandourknowledge
of humanhealthimpacts.In animaltoxicologystud-
ies of theeffectsof the smokefrom burningpineon
dogs,researchersobservedchangesin epithelialcells
thatpredictthe developmentof pulmonaryhyper-
tensionwhichincreasesheartattackrisks (Larsonand
Koenig 1994).Damagesto tracheobronchialepithe-
hal cells appearin rabbitsthat breathesmokefrom
burningwhite pine(LarsonandKoenig 1994).En-
zymaticchangespredictingthedevelopmentofpul-
monaryhypertensionoccurredin dogs that were
forced to breathehighly concentratedsmokefrom
burningpine(LarsonandKoenig 1994).Significant
changesin macrophagesoccurredin rabbitsthatwere
forced to breathsmokefrom burning Douglas fir
(Larson andKoenig 1994). In the field of anthro-
pology, researchersare interestedin contemporary
burningpracticesof communitiesaroundtheworld
(e.g.,Vayda1999).AnthropologistsofNative North
Americahavereconstructedburningpracticesofpre-
historic andearly-historiccommunitieswithin the
contextof overall ecological managementregimes
(e.g.,Krech 1999).Theseareonly a few examplesof
researchin avarietyof disciplinesthat relatesto the
issueof the humanhealthimpactsof forest fires.

I haveorganizedthe researchinto the follow-
ing sectionsfor this literaturereview:

• Healthconsequencesof air pollution
Healthconsequencesof watercontamination

o Psychosocialissues
Occupationalexposures
Visibility impairment

• Healthcaremeasures

Variable HealthImpacts
Therearemanyfactorsthatprohibitour abil-

iry to makegeneralizationsaboutthewaysthatpeople
experienceforest fires. Variable factorssuch as fire
behaviorandfuel conditions—includingtypesof bio-
massandmoisturelevels in the soil—mediatethe
humanhealtheffectsofpollutantsin biomasssmoke.
Fire intensity is anothervariable factor that influ-
encesthecompositionof biomasssmoke.In higher
Intensity firescarbondioxideandwateraretheprin-
ciple emissions.But, lower intensityfirescharacter-
ized by incompletecombustion,producegreater
volumesof harmfulgasesincludingcarbonmonox-
ide, nitrogen oxides, sulfur oxides, hydrocarbons,
polynucleararomatichydrocarbons,aldehydes,and
free radicals.

Humanbiological andculturaldiversity result
~nvariablehealth impacts.Individual responsesto
biomasssmokeareconditionedbypersonalbiophysi-
cal histories (e.g., genotype),previousand current
exposuresto pollutants,andvariablecopingstrate-
gies (AmericanThoracic Society 2000). Someseg-
mentsofthepopulationpresentsymptomsofsmoke
inhalation at dose-exposuresthatappearnot to af-
fectothersor thathaveavery low impacton others
(EvansandCampbell1983;Therriault 2001).The
groupswho areparticularly vulnerableto biomass
smokeareyoungchildren, the elderly, peoplewith
pre-existingconditions,andsmokers.

Weatheralsoconfoundsrelationshipsbetween
biomasssmokeandhumanhealth.For instance,wind
patternsdispersesmokefrom acombustionsite in
irregularways thus producingspatialvariability in
healthimpacts.The southernUnitedStateshaspar-
ticular meteorologicaltraits (e.g., temperature,hu-
midity) andecologicalcharacteristicsthatdissuade
researchersfrom using studiesconductedin other

U
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regionsof the UnitedStatesto design forest man-
agementplansandto assesshumanhealthimpacts.
Seasonalweatherdifferencesmayaffect healthout-
comesin the Southdifferently thanin otherregions
(Schwartz1994).In all regionsof theUnitedStates,
respiratoryproblemsaremostcommon during the
winter. In theSouthair pollution is at its worstdur-
ing thesummerwhile in theNorth air pollution is
worseduringthewintermonths.Someproposethat
air pollution doesnotcomplicatewinter respiratory

conditionsin the Southto thesamedegreeas it does
in other regions(Schwartz1994).Othersarguethat
regionaldifferencesin temperatureandhumidity do

not affect patternsof respiratoryillnessesassociated
with air pollution (Dockeryand Pope 1994).This

issueis oneamongnumerousinstancesof the over-

all uncertaintyin the researchliterature about the

relationshipsbetweensmoke andhumanhealth.

It is difficult to makegeneralassessmentsof the
healthrisks from biomasssmokeas a whole. Infor-
mationabouttherelationbetweenhumanhealthand
singleconstituentsof biomasssmokeis moreabun-
dant in the scientific literature than information
about thehealtheffectsofsomecombinationof con-

stituents.Knowledgeof the combinedeffects(addi-

tive, potenriated~and synergistic) of the multiple

constituentsof biomasssmoke is limited because

most researchto dateexaminesthe effectsof single

constituents.Yet, peopleexperiencebiomasssmoke
asacomplexmixture of chemicalcompoundsrather

thanas isolatedcomponents.Even if scientific case
studiesof the relation betweenhumanhealthand
biomasssmokefrom particularforest fireswereplen-
tiful, generalizationscouldonly be madewith cau-
tion sincethe constituentsof smokeandtheir rela-
tive proportionsvaryfrom onefire to thenext.

HealthConsequencesof Air Pollution
It is unclearwhetherthe net effectsof forest

fires to humanhealthare adverse,beneficial,or in-
consequential.Most investigationsof this topic at-
tempt to documentadverseeffectswith little or no
attentionto beneficialeffects.Yet, beneficialchanges
in interpersonalrelations,andin socio-cultural,eco-
nomic, andpolitical systemscan occur as a conse-
quenceof forest fires. Someresearchersask, “What

are the harmful effectsof x constituentof biomass
smoke?”or “How didy fire impactthe healthof lo-
cal people?”If they havenot been ableto demon-
stratesignificantnegativeimpacts,researcherscon-
cludethat the effectsof forest firesare inconsequen-
tial. This sectionfocuseson researchthat demon-
strates the adversebiophysicaleffects of biomass
smokesincethelargerportionofresearchersapproach
the topic from this angle.

Forestfiresproducebiomasssmokecontaining
a rangeof pollutants.Undersomeconditionsandin
certainconcentrations,biomasssmokecanadversely
affect humanhealth.Adverse effectsof biomass
smokearedefinedasmedicallysignificantor cultur-
ally recognizedpsychosocialandbiophysicalchanges
in individual or populationhealth(AmericanTho-
racic Society2000).At lower concentrationssmoke
maynot directly threatenbiophysicalhealth,but can
neverthelessbe a“nuisance” (Machlis 2002).

Inhalation, ingestion,and dermal absorption
are the routesof exposureto smokepollutants.In-
halationis themostcommonpathwaythroughwhich
humansabsorbconstituentsof biomasssmoke.Der-
mal absorptionmight alsooccurthrougha persons
surfacecells. One substancethat skin cells directly

absorbis freeradicalsthatmaycontributeto thede-

velopmentof emphysema,Adult/Acute Respiratory

DistressSyndrome(ARDS), andlung cancer(Dost
1991).Gastrointestinalabsorptionis anotherpath-
way 0f exposureto the pollutantsemittedby forest
fires. Gastrointestinalabsorptioncanoccur through
the ingestionof productssuch as plants that have
absorbedpollutantsthroughthe soil or ash,wildlife
thathaveinhaledor ingestedpollutants,andfresh-
waterspeciessuchas fish that haveabsorbedor in-
gestedcontaminatedwater.

Medicallysignificantbiophysicaleffectsof bio-
masssmokeincludeacute,subchronic,andchronic
effects on public health.The spectrumof adverse
physiologicaleffectsrangesfrom temporary,relatively
minor eye,nose,andthroatirritations, to persistent
cardiopulmonaryconditions,andless-commonly,to
prematuredeath.The most notablesubsetof bio-
physicaleffectsinvolvescardiopulmonaryfunction-
ing. It is clearthatair pollution in generalinterferes
with heartandlungprocesses.Changesin heartand
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lungprocessescausedby biomasssmoke asonespe-

cific type of air pollution are not asclear. In the fol-

lowing section,1 discussstudiesconductedon people

who wereexposedto biomasssmokeaswell asstud-

ies on the healtheffectsof particularconstituentsof

smoke.This researchis helpful in our attemptsto

assessthe cardiopulmonaryeffectsof forestfires.

CardiopulmonaryConditionsCausedby

BiotnassSmoke

Respiratoryconditionsthat resultfrom inhala-
tion of biomasssmoke include temporary,perma-
nent,andprogressiverespiratorydysfunction(Ameri-
canThoracicSociety2000).Long-termexposureto
smokemayincreaserisksof developingchronic ill-
nessessuchascancer(Therriaulr2001),andrespira-
tory andvasculardisease(Gohet al. 1999;Tan et al.

2000).Themostnotablecardiopulmonaryproblems
resultingfrom biomasssmoke(Betchleyeta1.1997;
Kane andAlarie 1977; Patzet aI. 2000; Tan et al.
2000) areincludedin Table 1.

Table1, Themostnotablecardiopulmonary
problemsresultingfrom biomasssmoke
(Betchleyet al. 1997;KaneandAlarie 1977;
PatzetaI. 2000;Tan et al. 2000).

Decline in lung functioning
Decline in breathingrare
Breathingdiscomfort
Emphysema
Asthma
Allergies

Bronchitis

Angina

Myocardial infarction/heartattack

Pneumonia

Particulate Matter
Particulatematter3is oneof themost signifi-

cant emissionsfrom forest fires. Ninetypercentof
particulatematterin biomasssmokeis mean-

ing that it is 1 0 micrometersorsmallerin diameter
(EPA 1998; Ottmar 2001). Seventyto ninetyper-

centof particulatematterin smokeis PM
2•5~ mean-

ing that it is 2.5 micronsor smaller in diameter.
Particlesthat have a diameter larger than 5 mi-

crometerspenetratethe upper respiratorytract.
Particleswith adiameterof 5 micrometersor less
can penetratethe lower respiratorytract andde-
posit in the bronchiolesandalveoli (Dockeryand
Pope1994).

Peoplewho inhaleparticulatematterpresent
respiratorysymptomssuch as coughing,wheezing,
excessphlegmproduction,lung inflammation,sys-
temic inflammation in the body, discomfort from
breathing,andshortnessofbreath.Coughis themost
commonrespiratorysymptomassociatedwith ex-
posureto ambientparticulatematter (Dockeryand
Pope 1994). The inhalation of particulate mattei

causesasthma,upperandlower respiratorytract in-
fections, COPD (chronic obstructive pulmonar}

disease),andIschemicCardiomyopathy(Dost1991
Eeden2001;HealthResearchWorkingGroup2001
LarsonandKoenig 1994).There is alsoa possibl.
link betweenparticulatematter andcancer(Adam
er al. 2002).

Particulatematter aggravatespre-existing ill
including asthmaandheartconditions. Peopl

who havepre-existingconditionsrespondto lowe
dosagesandshorterdurationsof exposureto bioni
asssmokethan thosewho do not havepre-existin

conditions.Newcasesof pulmonarydiseasesemerg
when particulatematteroccurs in the rangeof 1 C
100 in/in

3, while pre-exisringcaseswereaggravate
by the occurrenceofparticulatematterin the rang
of 20-40 in/rn3 for PM

25and40-50 in/in
3 for PM

(OstermanandBrauer2000).

Particulatematterrefersto particlesthatarepresentin theair. Particulatemattertakestheformofsmoke,soot,dirt, dust,ar
liquid droplets.Somesourcesof particulatematterareagricultural tilling, automobiles,factories,anddriving on dirt roac
Particulate matter occursin a rangeof sizesfrom coarseto fine. Fine particulate matter is especiallythreatening to hum;

health becauseit can enter the respiratory system.Theabbreviationforparticulatematteris PM. The numbers that occur
subscriptafter PM refer to the sizeof particles. Thus, PM

2•s refers to particulate matter that is 2.5 microns or smaller

diameter.
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Some researchersdocumentassociationsbe-
tweenelevatedconcentrationsofbiomasssmokeand
declininglungfunctionby measuringForcedExpired

Volume in onesecond(FEy1), ForcedExpiredVol-

umein three-quartersofasecond(FEV~5),andforced

vital capacity(FVC) (DockeryandPope 1994).In a
seriesof studiescited by DockeryandPope(1994)
lower respiratorysymptomsIncrease3.0% for each
10 m/m~increasein ambientPM10. Lung function
decreasedby 0.15%asmeasuredby FEy1andFEV75
with each10 in/in

3 increasein PM
10.

Acute biomasssmokepollution and exposure
to particulatematterareassociatedwith hematologic
changesin humans(Tan et al. 2000). The inhala-
tion of biomasssmokereducesredblood cell levels
anddamagescellularmembranesasindicatedby in-
creasesin albumin and lactosedehydrogenaseand
depressionof macrophageactivity (Larson and
Koenig 1994).

Thedepositionof PM10andSO2in the respi-
ratory systemresulting from the inhalation of air
pollutantsstimulatesbonemarrowto releasewhite
blood cells.The bonemarrowproducesleukocytes,
platelets,andproteinsin responseto the circulat-
ing cytokines,promotingsystemicinflammationin
the body, andcontributing to the developmentof
cardiopulmonarydisease(Eeden2001). Cytokine
productionby alveolarmacrophagesin the lungs
increasesin associationwith increasesin PM10
(Eeden2001) indicatinganincreasein PMN band
cells.WhereasPM10 immediatelystimulatesbone
marrowto releasePMN bandcells,thestimulation
provokedby SO2 is delayed.PMN, polymorpho-
nuclearleukocytes,aresmallwhite bloodcells that
specializein phagocytosis,or the breakingdownof
cells for defense.

Irritants
Biomasssmokeandsomeof its constituentsare

irritants.Smokeinhalationcauseseyeirritationsand
upperrespiratorytract irritations. Symptomsfrom
acuteexposureto organicacids,aldehydes(e.g., ac-
rolein andformaldehyde),andrespirableparticulate

matterincludetearyandburningeyes,runnynose,
andscratchyandsorethroat.Sulfurdioxide by itself

irritates thelungsandin combinationwith particu-
latematterhasevengreaterirritating effects (Evans
andCampbell1983).Acrolein is an irritant thatcan
causecellulartoxicity in theupperrespiratorytract
andciliary stasis(Dost 1991).Whenforest firesburn
in areaswhere the soil containscrystallinesilica,
smokeinhalationcancausesilicosis, inflaming and
scarring the lungs, thereby reducingoxygenation

(Ottinar andReinhardt2001).

Theinhalationof numerousplant compounds
can causeskin andrespiratoryirritations. Somebo-
tanical speciesthat causeskin irritations in people
who have direct contactwith the whole plant can
causeevenworsereactionsin peoplewho inhalethe
smokethat is emittedfrom theburningplant. One
example of this sort is poison ivy (Toxicodendron
radicans). Otherplantsthat do not necessarilycause
adversereactionsin theirwhole,living formmayhave
severeconsequencesfor peoplewho inhalethesmoke
from theburningplant. An exampleof this sort is
mountainlaurel (Kalmia spp.).

Carbon Monoxide
Carbonmonoxideis amajorconstituentofbio-

masssmoke.Inhalationof carbonmonoxideincreases
productionofcarboxyhemoglobin(COHb) abovethe
body’s normal amounts.Carboxyhemoglobinare
bondsof carbonmonoxidebonds andhemoglobin
that form when carbonmonoxidedisplacesblood
oxygen. In excessiveamounts,carboxyhemoglobin
causesoxygendeprivation,damagesbodytissues,and
inducescoughingandcold-like symptoms(Evansand
Campbell1983;Therriault2001).Carboxyhemoglo-
bin alsocomplicatesatherosclerosisandcoronaryheart
disease(EvansandKantrowitz2002;Wardetal. 1989).

Thereis anassociationbetweenbiomasssmoke
and chestpain. In 1998, Floridianswho were ex-
posedto smokefrom forestfires developedchestpain
andbronchitis (Patzet al. 2000). Ozone,asecond-
ary productof biomasscombustion,causeschestpain
andother respiratoryproblemssuchas pulmonary
edema.Additional responsesto ozoneexposurein-
cludeheadaches,and the aggravationofpre-existing
asthmaand pre-existing arrythrnia (Evansand
Campbell1983;Patzet al. 2000).
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Documenting Associations between Bio mass

Smoke and Cardiopulmonaiy Conditions
Researchershavedocumentedassociationsbe-

tween elevatedair pollution and decreasesin pul-
monaryfunctioningindicatedby reductionsin FEV
andFVC (Larson andKoenig 1994).For instance,
decreasesin FEV1 andFEV75amongschoolchildren

in Steubenville,Ohio andtheNetherlandsareasso-
ciaredwith increasesin PM10concentrationsin the
air (DockeryandPope1994).Asthmaticchildrenin

Birmingham experiencedadeclinein lung function-

ing associatedwith increasesin PM~ their FEy1was
two ordersof magnitudemore thannon-asthmatic
children (Schwartzetal. 1993).

Another method for investigating smoke-
cardiopulmonarylinkagesis by conductingsurveys
of the useof medicalfacilities in communitiesnear
forestfire events.Thesesurveysdemonstratethathos-
pital admissionsandemergencyroom visits typically
rise in communitiesthathavebeenexposedto wood
smoke.Patientsin thesecommunitiespresentgener-
alizedrespiratorysymptoms,acutebronchitis,chronic

obstructivepulmonarydisease,asthma,andchestpain

(Mort 1999; Schwartzetal. 1993).Associationsalso

existbetweenozoneincreasesandhospitaladmissions,
as well as betweendaiiy mortality and increasesin

particulatematter. The associationbetweenacute
asthmaandbiomasssmokeis not entirely consistent.

A studyin Australiafoundno increasein hospitalad-
missionsforacuteasthmain associationwith bushflres
(Cooperet al. 1994).

A surveyby Mott (1999) found that, following
a 1999 wildfire on Hoopa Valley National Indian
Reservation,therewas a 52% increasein visits to
medicalcarefacilities by reservationresidents.Sixty

threepercentofintervieweesin thestudyexperienced
lower respiratorytractsymptomswhile thebioinass
smokewas present.More than 20% of survey par-

ticipantswerestill experiencingincreasedrespiratory
symptomstwo weeksafterthesmokelevelssubsided.
Peoplewhohadpre-existingcardiopulmonaryprob-
lems(31.8%of thesurveypopulation)reportedmore
respiratorysymptomsthan thosewho did not have

pre-existingconditions.
Childrenand the elderlyappearto be particu-

larly sensitiveto biomasssmoke.Hospitaladmissions

amongthe elderly for pneumoniaand COPD in-
creasein associationwith increasesin ~ (Schwartz
1994).A study in Birmingham,Alabamadocu-
menteda laggedassociationof onedaybetweenin-
creasesin andincreasesin hospitaladmissions

of elderly people for pneumonia and COPD

(Schwartz 1994). Children with andwithout pre-
existingasthmaconditionsexperiencemore respira-
torysymptomswhenambientparticulatematterand
ozoneconcentrationsincrease(Schwartz1994).Fol-
lowing exposureto air pollution causedby burning

wood, children aged 1-5 yearsold experiencelung

dysfunction soonerthan people of other ages
(OsrermannandBrauer2000).

Carcinogenesis
A number0f the individual constituentsof

forestfire smokeexhibit carcinogeniceffectsin clini-
cal trials. The resultsof puretrials maybe mislead-

ing, though,sincemanysubstancescovarywith other

substancesandhaveemergentproperties.An addi-
tional complication is the difficultly of replicating

dose-exposuresfor individuals in a diversepopula-
tion andforvariablefire events(EvansandCampbell

1983).A greatdealof researchhasbeenconducted

on the constituentsof air pollution. A portion of

this researchfocusesspecificallyon theconstituents
of biomasssmokewhile other researchconcernsair
pollution moregenerally.The following discussion
of cancer-causingpollutantsreviews literaturead-
dressingbiomasssmokein particular. But in some
cases,theauthorsof this literaturedrawfrom research
on air pollution from sourcesotherthan forestfires.

The inhalationof air pollutioncontainingpar-
ticulate matter maycauselung cancer(Osrerman
andBrauer2000).Inhalationof particulatematter
contaminatedwith dioxins mayhavecarcinogenic
effects.For example,the dioxin TCDD—a compo-
nentof an herbicideusedin forestrymanagement—
sometimesoccurs in biomasssmoke (Mukerjee
1997). Sarcoma,non-Hodgkin’slymphorna, and
liver cancerare associatedwith someof the trace
gasesthat arepresentin biomasssmokeincluding
dioxins and methyl bromide (Mukerjee 1997).
Clinical trials associatenitrogen oxideswith in-
creasedcancerrates(Adami et al. 2002). Ozone—
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producedfrom the hydrocarbonsandnitrogenox-
idesemitted by fires—iscarcinogenic.

Clinical trials havedemonstratedthecarcino-
geniceffectsof overthirty polynucleararomatichy-
drocarbons(PAHs) and hundredsof PAH deriva-
tives (Fangetal. 1999).High dose-exposuresof some
PAHs increasethe risk 0f bladdercancerand lung

cancer(Adami et al. 2002).‘When present,formal-
dehydeexacerbatesthecarcinogeniceffectsof PAHs.
Nasalandnasopharyngealcancermaybealong-term
effectof formaldehydeinhalation (Therriaulr2001;
Ortmar and Reinhardt2001). Formaldehydemay

decreasesensorycapacity.Otheraldehydes,elemen-
tal carbon,andtracemetalshavepotentialcarcino-
genic effects (Parranen1993). In small and infre-

quentdoses,however,aldehydesmaynot producea
carcinogeniceffect (Dost 1991).Aldehydescan also
causecontactdermatitis and uticaria (Dost 1991).

An associationbetweensulfates,which arecommonly
presentin biomasssmoke,and cancerhasnot been

established(Adami et al.2002). Freeradicalsin for-
est fire smokereactwith tissuesindicating that they
arecarcinogenicandmutagenic.

Experimentalfield andlaboratoryburnsshow
that forestfirescould increasetherisk of humanex-

posureto theradionuclidesiodine-129,cesium-137,

andchlorine-3
6 in areascontaminatedwith radio-

active elements(Amiro et al. 1996). Humanexpo-
sure may occur through inhalation of smoke con-

taining radionuclidesor ingestionof plantsgrowing

in soil and ash containing radionuclides.In these
cases,radionuclidescan haveimmediateand/or de-

layed carcinogeniceffects for the exposedpopula-
tion, Some researchersspeculatethat the wildland
fire that burnedthrough the IdahoNational Engi-
neeringandEnvironmentalLaboratoryin 2000may
haveexposedpeoplein Idaho to harmfulbyproducts
from the combustion of radioactive substances

(Machlis 2002).

Premature Death
Lossof life maybe an effect of biomasssmoke

(Gohetal. 1999). Prematuredeathis an acuteand
chroniceffectof the inhalationof particulatematter
(Patzet al. 2000). Researchshowsan association

betweenexposureto ~ andprematuredeathdue

to cardiopulmonarydysfunction(Brauer1999;Core
andPetersen2001;DockeryandPope1994).People
who live in areaswith high levels of ambientpar-
ticulatematterfrom biomassburninghavereduced
life expectancy(Brauer1999).Someof themeasures
that researchersuse to investigatethe association
betweenair pollution andmorbidity andmortality
are hospital admissions,visits to emergencyroom
departments,visits to physician’soffices, anduseof
medicationssuchas bronchodilarorsfor asthmatics
(Dockery andPope 1994). In addition, the reduc-
tions in FEV

1, FEVQ75, andFVC that accompany
increasesin air pollutionarepredictorsof premature

death(AmericanThoracicSociety2000).
DockeryandPope(1994:128)providethreeex-

planationsfor thelink betweenprematuredeathand

particulatematter: 1) “acute bronchitis and bron-

chiolitis maybe misdiagnosedaspulmonaryedema;”
2) “air pollutantsmayincreaselungpermeabilityand

precipitatepulmonaryedemain peoplewith myo-
cardialdamageandincreasedleft atrialpressure;”and

3) “bronchiolitis or pneumoniainducedby air pol-
lution, in the presenceof pre-existingheartdisease,
might precipitatecongestiveheartfailure.”

While thestatisticallysignificant links between

air pollution andprematuredeathsdueto cardiop-
ulmonaryproblemsarewell documented,thede-
tails of the causal links are difficult to explain.
DockeryandPope(1994) suggestthatparticulate
matter is an additionalenvironmentalstressorthat
promotesprematuredeath for vulnerablepeople

andthosewho havepre-existinghealthproblems.
Particulatematter in urbanand indoor air polk-

non causesrespiratoryillness and diseaseleading
to prematuredeathin infants, the elderly, and
peoplewithpre-exisringcardiopulmonarydisorders
(Brauer1999).

Acute exposureto carbonmonoxide in doses

high enoughto dramaticallyreduceblood oxygenis
deadly(Therriault2001).Thus,carboxyhemoglobin

can causeprematuredeath.Carbonmonoxidepoi-
soningmaycauseatherioscleroticdiseaseleadingto
prematuredeath(EvansandCampbell1983).Some
studiesshowthatdiseasesresultfrom interactionsof
carbonmonoxidewith nitrogenoxidesandsulfur
oxides(EvansandCampbell1983).Most studiesof



46 Joumalof &ological Anthropology Vol. 7 2003

theassociationbetweenparticulatematterandpre-
maturedeatheliminatedsulfur dioxide as a con-
foundingpollutant (Fairley1990; Popeeral.1992).
Other researcherssuggestthat long term exposures
to particulatematterandsulfurdioxideemittedfrom
biomassburningis suspectedof causingpulmonary
lesions that result in prematuredeathsdue to car-
diopulmonaryfailure(Tan et al. 2000).

Numerousstudiesdocumentan association
betweenabrupt,tremendousincreasesin particulate
matterand increasesin daily mortality, such as oc-
curredin London in 1952and in Donora,Pennsyl-
vania in 1948 (Schwartz1993).Acute exposureto
lessdramaticincreasesin PM10havebeenassociated
with increasesin mortality in Birmingham.Alabama
andeasternTennessee,as well as in otherregions0f
theUnitedStates(Schwartz1993),

Dockery and Pope (1994) cite a setof studies
that documenta consistentcorrelationbetweenin-

creasesin ~ andincreasesin daily mortality. In a

studyin Kingston.Tennesseeresearchersfoundthat
for each 10 in/in

3 increasein ~ thereis a 1.6%
changein daily mortality. In Birmingham,Alabama
researchersdocumenteda 1.0%changein total daily

mortalityfor each10 in/in3 increasein PM
1~ includ-

ing a 1.5% changein respiratory mortality and a
1.6% changein cardiovascularmortality. A lagged

associationappearsin which daily mortality corre-
lates to increasesin PM10betweenoneand five days
prior to thedaythat theincreasesin mortality occur.

Also notablein thestudiescitedbyDockeryandPope
(1994) is theassociationbetweeneach 10 mm

3in-

creasein PM
10andan 0.8% rise in thenumbersof

patientsadmittedto hospitalsanda 1.0% risein the
numberof patientswho soughtemergencycare.
Therewasa 3.4%increaseforeach10 mm

3increase
in PM

10in asthmaticpatientswho soughtemergency
care.Among asthmaticstherewasa 3% increasein
both asthmatic attacksandbronchodilatoruse.
Deathsdue to cancerandother non-cardiopulmo-
nary issueswerenot associatedwith risesin in
anyof thestudiescited byDockeryandPope(1994).

Forestfires arealsolinked to deathsfrom heart
attacks.In 1998a firefighter from theAlabamaFor-
estryCommissionwasconstructinga fireline when
hehada fatalheartattack.Threeheartattackdeaths

amongthegeneralpublicwereconnectedto the 1998
Florida forest fires (‘Wade 1998).

OtherAdverseHealthEffects of BiomassSmoke
Biomasssmokeis the sourceof several other

typesof adversehealthimpacts.Theseincludesup-
pressedimmunity, physicaland cognitive impair-
ments,anddirect injury. Very little researchhasbeen
conductedon thesetopics,which is reflectedin the
brief discussionthat follows.

Suppressed Immunity
The inhalation of wood smokedecreasesre-

sistanceto lung infections and increasessuscepti-

bility to respiratoryinfectionsby interferingwith
macrophagephagocytosis(Brauer1999;Dost1991;
Ward 1999). Aldehydes—namelyacrolein—in
woodsmokeinhibit the ability ofscavengercells in
the lungsto kill bacteria,thusincreasingthepossi-
bility of respiratoryinfection (Ward 1999).Thedi-
oxinsthataresometimespresentin forestfire smoke
are immunosuppressants(Mukerjee 1997).Diox-
ins increasesusceptibilityto infections(for example
Staphylococcusaureus)by inhibiting humoralimmu-
nity andby affectingT-lymphocytesandB-lympho-
cytes(Mukerjee1997).

Physical and Cognitive Impairments
Trace gasesin air pollution areassociatedwith

weight loss, weakness,and fatigue. Carboxyheino-
globin, from breathingexcessiveamountsof carbon
monoxide,causesdeficiencyof blood oxygenlead-
ing to slowerreaciiontimes,slowerreflexes,drowsi-
ness,disorientation,fatigue,diminishedworkcapac-
ity, reducedmanualskills,andimpairedmentalabili-
ties (Betchleyetal. 1997;EvansandCampbell1983)

Inhalation of excessiveamountsof carbonmonox-
ide reducesmaximal aerobiccapacitybut not sub-
maximal capacityin “young, healthymales” (Evaw
andCampbell 1983:148).Thephysicaldiscomfort~

andpsychologicalstressthataccompanyexposureix

forest fire smokemayalsobe acausalfactor in de
creasedperformance(Evansand Campbell 1983)

Air pollution causesan assortmentof other physica
andcognitiveimpairmentsincludingthe following
inability to distinguishletters,colors,andbrightness

U
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inability to calculatetimeintervals;andinterference
with peripheralvision and ability to respondto
peripheralstimuli (EvansandCampbell1983).

Direct Injuries
Forestfires causean assortmentof direct inju-

ries (Patzet al. 2000). In the Baldwin Hills fire in
LosAngeles,12% of the communitysufferedburns
andother physical injuries due to exposureto the
fire includingonewomanwho hadburnson more
than60% 0f her body (Maidaetal. 1989).An addi-
tional 12%of peoplein the communityexperienced

a fall due to the fire,

Health ConsequencesofWater Contamination

Theeffectsof forestfires on water qualityvary
due to differing characteristicsof the particularfire

and the environment in which it occurs. Slope,
groundcover,precipitation,andtemperatureall in-

fluence the water quality changesthat occur in
burnedareas.In addition,fire intensityandseverity,
andpost-burntreatmentsaffectwater quality. Fire
severity—asa measurementof theamountof fuels
burnedandnutrientsreleased—isparticularly influ-

enrial on water quality changes.The potential for
erosion rises in associationwith fire severity:more

severefires causemoredramaticchangesin ground
cover (LandsbergandTiedemann2000).

In someecosystems,forest fires threatenwa-

ter quality through severalpathways.For instance,

forestfiresthatburn iiparianvegetationcanincrease

erosionthat, in turn, canincreasethe frequencyof

flooding. As a result of erosion,excesssedimentand

nutrients(e.g.,nitratesandnitrites) aredepositedin
water sources(LandsbergandTiedemann2000).
Thus,turbidity in streamfiowoften increasesafter a
forestfire. Turbidityposesindirectthreatsto human
healthbyencouragingmicrobialproductionandin-
creasingthe risksof contractinginfectionsforpeople
who come in contactwith untreatedwater. Exces-

siveamountsofsedimentin awatersupplymaystress

filtration systemsat water treatmentfacilities
(Machlis 2002).Thepotential declinesin waterqual-

ity that sometimesaccompanyforest fires poserisks
to humanhealth.

In addition to the erosionof sediment,thedi-
rectdiffusion ofbiomasssmokeinto surfacewater is
asourceof nitrogenin watersources(Landsbergand
Tiedemann2000). Similarly, excessphosphorous
partly results from the leachingof ashesthat drop
anddissolvedirectly in streamwater(Landsbergand
Tiedemann2000). Mercury,a toxic metal that is a
powerfulneurotoxin(Tonnassen2000), is sometimes

presentin forestfire smokeandmaybedepositedin
water supplies.Human exposureto mercurycan
occur through ingestionof freshwaterspeciesand
wildlife as well as throughthe inhalationof biomass
smoke.It hasbeensuggestedthatforestfiresincrease
the concentrationof dissolvedsaltsin drinkingwater,

but this hasnotbeenadequatelydemonstrated(Van

Lear andWaldrop 1989).
In somesituations,the exposureof surfacewa-

ters to sunlight maydecrease,suchaswhenbiomass

smokeandhazeblock ultraviolet light (UV-B). The
risk to humanhealth occurs when a reduction in
UV-B is sufficientenoughto increasethe growthof
bacteriaandpathogensin water supplies(Malilay
1999). In othersituations,forest fires increasethe
exposureof surfacewaters to sunlight.Water tem-

peraturesmayincreasewhen fires burn off riparian
vegetationexposingwatersourcestomoredirectsun-
light. Eutrophication,affectingthe“color, smell,and
tasteof drinkingwater” (LandsbergandTiedemann
2000:128),resultsfrom increasedwatertemperatures

(AmaranthusandArthur 1988).

Fire suppressionandcontrol techniquespoten-

tially damage water quality (Landsberg and

Tiedemann2000;Norris andWebb 1988). For in-
stance, the harmful chemicals(e.g., nitratesand
ammonia)thatarefoundin theretardantsandfoams
that areusedin fire suppressionmaywashinto wa-
ter supplies.The construction of fire breaksor
firelines maycausethe erosionof nutrientsinto wa-
ter supplies.Post-treatmenttechniques,such as the
applicationof nitratefertilizers to encouragethe
growth ofvegetation,mayincreasethepotential for
humanexposureto toxic substancesthatarewashed
into drinkingwater supplies.

Relativeto otherforestmanagementtechniques,
prescribedfires have lesseffect on water quality.
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Following a prescribedburn in a loblolly pineforest
in the upper Piedmontof South Carolina, a 0.05
partspermillion (ppm)nitrate-nitrogenconcentra-
tion was measuredin nearbywatersources(Douglass
andVanLear1983).Nitrate-nitrogenconcentrations
werealsofoundto be0.05ppmin the nearbywater
sourcesfollowing post-treatment.Following post-
burn treatmentsof a pineforestwherea prescribed
fire occurredin the coastalplain of SouthCarolina,
0.02ppmnitrate-nitrogenconcentrationsweremea-
suredin watersources(Richteret al. 1982).Studies
from the piedmontof Georgia demonstratedthat
prescribedfire did not havea significant effect on

soil hydrologyor suspendedsedimentconcentrations
in streamfiow(VanLear andWaldrop 1989).

Some of the declinesin water quality associ-

atedwith forestfiresresultfrom naturalphenomena

while othersresultfrom humanactions.Soil erosion,

sedimentation,diffusion, nutrification, and turbid-
ity are consequencesof forest fires. Theseconse-

quencesthreatenhumanhealthby introducing bac-

teria, pathogens,andtoxinsinto drinkingwatersup-

plies.To somedegreetheseconsequencescannotbe
preventedsince wildfires are unpredictableand dif-

ficult to control. Researchshowsthatprescribedfires

havemuch less effect on water quality than wild-

fires. Increasingthefrequencyof prescribedfires re-

ducesthefrequencyandseverityof wildfires. Thus,

oneway to lessentheimpactthatforestfires haveon
water quality is to increasetheuseof prescribedfires.

Up to thispoint, this articlehasdiscussedlinks
betweenforest fires, the environment, and human

health. The larger portion of researchliterature

focuseson the biophysical effectsof forest fires.
Reportson studiesof othertypesofhealth—namely,
psychosocialhealth—outcomesare sparse.This is
unfortunatesince biophysicaland psychological
wellbeingareconnectedin multiple, complexways.
A morethoroughunderstandingof the psychosocial
implicationsof forest fires would enablefire crews,
medicalpersonnel,andreliefworkersin governmen-
tal andnon-governmentalagenciesto better assist
victims of wildfires. In regardto prescribedfires, a
more comprehensivebiopsychosocialperspective
(e.g.,Jonesetal. 2002; ZimmermannandTansella
1996)would alsoequipforest managerswho imple-

mentprescribedfire with better tools for designing
successfuleducationandpublic relationsprograms.

PsychosocialConsequencesof ForestFires
Having acknowledgedthe needfor a more in-

tegrativemodelof humanhealthandthe paucityof
researchon the psychosocialimpactsof forestfires, I
now turn to the literature on the topic. Literature
that focusesspecificallyon forest fires as well as re-
searchthat addressesmore generalizedphenomena
such as air pollution andnatural disastersare in-
cluded.This discussionis much moreapplicableto
understandingthe relationship betweenhuman

health and wildfires rather than prescribedfires.

While I do mentionseverallinks betweenprescribed
firesandpsychosocialwellbeing,comparativelylittle
information is availableon this topic.

Exposureto forest fires impacts psychosocial

wellbeingin avarietyofways(EvansandKanrrowitz

2002).The spectrumof medicallysignificant psy-
chosocialeffects rangesfrom temporaryfrustration,
to temporaryor permanentreductionof health-
relatedquality of life (HRQL), to post traumatic

stressdisorder(PTSD). Beneficialpsychosocialcon-

sequencesof forest fires includepositivetransforma-
tions in interpersonalrelations,financial profit, and

communitycooperation.

Forestfires havedifferent effects on different
communities: all communities do not respondto

forestfires in exactlythe sameway. Likewise, forest

fires havedifferent effectson different individuals:
within acommunitydifferent individualshavedif-
ferentresponses.Psychosocialeffectsmayvaryin as-
sociationwith the behaviorandcharacteristicsof
particularforestfires.Psychosocialoutcomesalsovary
accordingto anindividual’s experiences,perceptions,
interpretations, and coping m~echanisms.An
individual’spersonalrelationshipsandsocialcontexts
havea greatinfluenceon his/herattitudesandbe-
haviors relatedto forest fires. It is possible that
ethnicity influencespsychosocialsymptomsand
minoritiesmaybe morevulnerableto psychological
distress.For example,Mexican-Americanchildren
when comparedto children of any other ethnic
groupsdevelopedclinical PTSD following a fire di-
sasterinvestigatedbyJones(2002).
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Socio-culeural Transformations

Forestfires havebeenreferredto as “enginesof

change” (Force et al. 2000) in communities. In a

broadercontext, naturaldisastershavespawnedso-

cial transformationsmonumentalenoughto be la-

beled“cultural evolution” (Oliver-Smith 1996:312).

Oliver-Smith (1 996:302)describesdisastersas

“challengesto the structureand organizationof a

society.” Forestfiresmay changecommunity infra-

structure(Machlis2002).Interruptionsin socialser-

vicesand damageto infrastructurecauseindividual

and group stress(Oliver-Smith 1996).There may

be significant changesin social structureas a result

of forestfires. Individualswho experiencea rise in

socialstatusmaybenefitfrom forestfires; for instance,
communitymemberswho successfullycontrol part

ofawildfire or firefighterswho keepa fire from dam-
aging local structures.Othermembersof the

munirymaynotbenefitfrom social changes.In some

communitiesforest fires confer a negativeimage

upon, or stigmatize,a particular place,person, or
subgroupof the population(Machlis 2002).

Changesmay occurin relationsbetweencom-
munitiesandbetweenculturalor ethnicgroups(Gor-

don et al. 1995).Relationshipsmaychangebetween

individual citizens,subgroupswithin a population,
and betweencitizens and organizations(e.g., land
andfire managementteams).Social relationshipsand

communicationpatternswithin communitiesmay
changeduringandaftera forestfire (Machlis 2002).

Researchershavefound that natural disasters

changepolitical dynamicsin communities(Oliver-

Smith 1996).Wemight extrapolatefrom thosestud-

ies to suggestthatcatastrophicforestfires—asa type

ofdisaster—createconditionsthatencouragethere-
organizationofpowerrelations,theformationofnew
alliancesandagendas,and the emergenceof activ-
ism (Oliver-Smith 1996).The politics of represen-

tation are a critical factor for communitiesexperi-
encingforestfires. Thepower to portrayforest fires

and to representthe communitieswho experience

fires influencesperceptionsheldby insidersandout-

sidersto thecommunity.

Natural disasterschangethe lived experiences

of individuals andhavethe powerto transformself-
identity and community identity (Oliver-Smith

1996).Forestfires affect future perceptionsandde-
cisionsrelatedto selfandcommunity;for example,
perceptionsof forest fire risks anddecisionsabout
landscapemanagement.Prescribedfires mayposi-
tively affect aestheticvaluesleadingto greatersatis-
faction with one’sliving environment.Severewild-
landfires that causemoredramatictransformations
of the landscapeare morelikely to be perceivedas
detrimental.

Perceptionsof forest fires maychangefollow-
ing a fire. Direct experiencewith a forestfire causes

peopleto perceivethat thereis ahigherrisk of future

firesor to becomemorefearfuloffire (Machlis2002).

In somecases,prescribedfires maybelessacceptable

to peoplewho previouslyhaddirectexperiencewith

fires (Machlis 2002). In other cases,peoplewho ex-

periencea major fire near their home believe that

the future possibility of another fire is very low
(Cortneret al. 1990).If peoplelive nearfire-adapted

ecosystemswherefires “naturally” occurperiodically,

this beliefmay reflect a lack of knowledgeaboutlo-
cal fire regimes.Researchshows thata forestfire can
alterthe futurevulnerability andresiliencyof acom-

munity CMachlis2002) dueto changesin ecosystem

traits, materialinfrastructure,cultural characteristics,

andsocial relations.
Significantreligious changesmayfollow major

disasterssuchaswildfires. Forestfires canalso insti-
gatechangesin cultural values.For instance,values

regardingmarriagemay shift from aview 0f it as a

long-termcommitment, to seekingmarriageas an

immediatemeansfor gainingsecurity(Oliver-Smith

1996).Transformationsin symbolsand rituals oc-
cur as a consequenceof natural disasters(Oliver-

Smith 1996).Peoplemaymournfor thesymbolsof
selfandcommunity that aredamagedor destroyed

by naturaldisasterssuchasforestfires.

Griefand Dis~ess
Peopleexposedto forest fires mayexperience

grief. Property loss, such as the destructionof a
homeor damageto personalgoods,canbe asource
of grief. Feelingsof helplessnessmay ariseamong
peoplewhoselives andpropertyarethreatenedby
wildland fires (Machlis 2002).Researchon effects
of natural disastersin generalshowsthat damages
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to meaningful places,such as homes,evokeemo-

tions of grief (Oliver-Smith 1996).It is likely that

peopleexperiencegrief and a senseof loss when

forest fires damagemeaningful locations, gather-

ing places,and otherpublic spaces.In some cases

fire, like other typesof naturaldisasters,maycause

the disruption of social contextswhich is also a

sourceof grief (Oliver-Smith 1996).

Air pollution is a source of psychological

distress.Ozone—acomponentof air pollution—

is associatedwith negativeemotionsandaggressive
behaviors(EvansandKantrowitz2002).Studiesshow

that the bad odorsthat often accompanyair pollu-

non episodescauseevaluativeandcognitivedeficien-
cies as well as behavioral disorders(Rotton 1983).

Sensorystressfrom malodor impairs cognitive and

intellectual functioning by interfering with an

individual’s ability to completecomplexproof read-

ing tasks,but doesnotdecreaseabilitiesto complete
simplearithmetic tasks (Rorron 1983). One of the
waysthat sensorystresseffectsbehavioris thatwhen
apersonhaslitde control,he/shebecomesfrustrated
moreeasily (Rotton 1983).

Stress Disorders
Forestfires potentially inducemore profound

formsofstressandclinical illnesses(Jones2002;Patz
er al. 2000).For example,PTSD can occur among

peoplewho live in areasthat havebeenaffected by

fires. Following a fire in 1985, members of the
Baldwin Hills community in Los Angelesexhibited

an arrayof post-traumaticstresssymptoms(Maida
1989).In the communityas awhole, 36% ofpeople
experiencedPTSDsymptoms.Amongpeoplewho
witnessedthe fire 67% had trouble sleeping com-

paredto 20%ofpeoplein thecommunityas awhole.
The PTSDsymptomsexhibitedby witnessesto the
fire andtheproportionsof thatpopulationwhoexpe-
riencedthosesymptomsincludethefollowing: 56%

felt jumpy, 44%avoidedremindersof the fire, and
33%hadnightmares,dreams,anddisturbingmemo-
ries(Maida1989).Therewasan increasein medical
careanduseof medicationamongwitnessesto the
fire. Mostofthecommunitymemberswho lostprop-
erty dueto the fire exhibitedsymptomsof depres-
sion, with the exceptionof peoplewho had good

insuranceandcould replacetheir formerhomewith

a better,new home.
Destructionof ‘place’ is oneof thetraumasthat

evokesPTSDsymptoms(Oliver-Smith1996).PTSD
symptomsemergefollowing dislocation. Similarly,
theevacuationsthatoccurwhenforestfires threaten
homesandbusinessesor whenbiomasssmokereaches
unhealthylevels (Mutch 2002; Therriault 2001;
Wade 1998)createpsychologicaldistress.Although
it has not beendemonstratedin scientific studies,
wemight hypothesizethatsomeportionof thethou-
sandsof peoplewhowereevacuatedftom theircom-
munitiesin Floridaduring theseverewildfire season
in 1998 experiencedsomedegreeof psychological
distress.Residentsof Clancy, Montanawho were

beingevacuateddueto aforestfire experiencedfrus-
tration, fatigue, stress,and panic (Machlis 2002).
Otherfire-relatedeventsthatevokePTSDsymptoms

in adultsarethreatsto life, physicalinjury, andthe
injury or deathof a loved one (Jones2002).

Responding to and Recovering from Damages
Aid organizationscanhelpmitigatepsychologi-

cal distressamongpeoplewho havesuffered inju-

ties andloss dueto forest fires. Forexample,Project
Recoveryprovided emotional support for victims
of the Cerro Grandefire in Los Alamos (Machlis
2002). On the otherhand, the “strangepeople” in

disasterrelieforganizationswho entera community

to deliver aid or repairdamagecanbe a sourceof
stressfor local residents(Oliver-Smith 1996). It is

possiblethat fire managementcrews,like aid orga-
nizations,and the materials that they bring with
them, causestressfor residentsof communitieslo-

cared nearfire events.The sights andsoundsof
equipmentarriving no fight a fire maycausethe re-
currenceof fear amongpeoplewho haveprior ex-
perienceswith wildland fires (Machlis 2002). On
theotherhand,theinflux of fire managementcrews
into communitieshasthepotentialto generaterev-
enuefor thecommunityas theypurchasegoodsfrom
localstoresandpatronizelocalbusinesses.Commu-
nities locatednearfire eventsmaybenefitfrom ex-
pandedemploymentopportunitiescreatedwhenfire
managementorganizationsmove into an areaand
hire local people(Machlis 2002).
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“Fire-adaptedcommunities”(Burns2003,per-
sonal communication)may be a usefulconceptfor
measuringa group’s level of fire preparednessand
capacityfor copingwith fires that do occur. Forest
fires havethepotentialno galvanizeor fragment
munities.Cooperationamongpeoplecancatalyzea
community’srecoveryfrom disasters(Oliver-Smith
1996).For instance,joining togetherto rehabilitate
landburnedin a wildiand fire hada healingeffect
for residentsof Los Alamos (Machlis 2002). Social
bondsmaybe strengthenedamongpeoplewho co-
operateduringawildland fire andin preparationfor
or recoveryfrom a wildland fire.

Communities who have low amountsof the

kindsof capital (social,natural,andfinancial) usefu]
for respondingpositively to fire eventsmayhavethe
highestrisk ofbeingadverselyaffectedby forestfires.
Newercommunities,suchas developmentsin wild-
land-urbaninterfacescomposedof recent immi-
grants,mayhaveless capacityto adjustafter a fire
becausetheir social networksare lessfunctional. In
contrast,‘traditional’ types of communitieswith
strong, functional social networksmay havemore
capacityno recoverfrom a fire event (Burns 2003).

Strongsocialnetworkscanserveassupportsys-
temshelpingindividualscopewith thephysical,psy-
chological, andothereffectsof forest fires. On the
otherhand,weakorvulnerablesocialnetworksmight
createadditionalstress.Often,communitymembers
as well as local and extra-localorganizationsassist
individualswith treatingphysicalinjuries andrepair-
ing materialdamages.Assistancewith psychological

issuesmaybe anexplicit targetof aidor in mayoccur
as a byproductof otherformsof assistance.Psycho-
logical issuesare non, however,alwaysrecognizedas
a problemin needof attention.

To return to a previouspoint, in is crucial that
fire andmedicalpersonnelrecognizethe interdepen-
denceofbiophysicalandpsychosocialhealth.Psychol-
ogyis acritical mediatingfactorfor overallwellbeing.
A finding that supportsthis proposition is that air
pollution andmalodorousair areassociatedwith in-
creasesin depressionandanxiety, andwith increases
in hospital admissionsfor psychiatric problems
(AmericanThoracicSociety2000).A person’spsycho-
logical conditioncancausethe biophysicaleffectsof

fire to be more or less severe(EvansandCampbell
1983).In the reverseflow of causality,a personmay
developpsychologicalproblemssuchasdepressionor
anxietyas aresultofphysicalproblemscausedby for-
est fires (EvansandCampbell1983).

Forestfires affectpsychosocialhealthin multiple
wayson both individual andcommunitylevels. Cur-
rentresearchillustratesthatforestfireshavethepower
to transforma personor a communityin ways that
are beneficial and/or detrimental.Sometimesthe
changesare subtleandother times they are more
evident.The spatial andtemporaleffectsof forest
fires can be far reaching,but they tendto be espe-
cially relevantfor peoplelocatedcloseno the place
whereburningoccurs.Up to this point, discussion
hasfocusedon theways that forest fires impactthe
generalpublic; more specifically thosemembersof
the generalpublicwho aredirectly exposedto fire.
The nextsectionfocuseson a specialsegmentof the
populationwhomresearchershavestudiedmorethan
anyothercommunity:fire workers.

OccupationalExposures
Theexperiencesoffire workersdiffer from those

of the generalpublic.Two occupationalfactorsthan
makefire workersa uniquesubgrouparetheir prox-
imity to fire eventsandtheir dose-exposuresto emis-
sionsfrom forest fires. An additional physiological
factorthat differentiatesthis groupis thatfire work-
ers tend no be relatively physically fin. The general
publicandfire workershavesimilar responsesto for-
est fires, bun their dose-exposurepatternsdiffer.
Amongthegeneralpublic, adversehealtheffectsap-
pear in briefer time periodsandat lower dosages
(Brauer1999;OstermannandBrauer2000).

Within the fire crew population,individual
exposuresdiffer accordingto thework practicesof
theparticularfirefighter (McMahon 1999),his/her
locationrelativeto the fire, andtheamountof time
he/shespendsatthatlocation.At aprescribedburn,
variability in exposureto pollutantsoccurswithin
a group accordingto eachperson’sparticulardu-
ties. For instance,the “lighters” and“sawyers” have
higher benzeneexposuresdue to the useof gaso-
line in their drip torchesandchainsaws.“Fireline
holders” and “attack crew” have higher carbon
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monoxideexposuresdueto their proximity no the
flamesanddensersmoke.

Another work practice than varies among
firefighters,influencinghealthrisks, is shiftduration.
Wildland firefighters typically work shiftsof eight
no twelve hours or more. In somesituations,wild-
landfirefightersarean or nearaburn site overa pe-
riod of daysor weekswhere,evenduringtheir off-
shift time, theyareexposedno biomasssmoke(Ma-
nernaenal. 1992).ln othersituations,someportion
of thework shift is spentin transitno andfrom the
fire site andin otherplacessomedistancefrom the
fire thus reducingthe duration 0f a firefighter’s ex-

posureno biomasssmoke(Reinhardnen al. 2000).
Firefightersmay be exposedno unsafelevels of pol-

lunantsfor punctuatedtime periods,bun not neces-

sarily continuouslyfor an entirework shift.
Variationsin meteorologicalpatterns,includ-

ing wind speedanddirection,canproducevariable
healthimpacts.High wind speedskeepsmokein the
breathingzoneof firefighters increasingtheir expo-
sure to pollutants in biomasssmoke (McMahon
1999).In thesecases,firefighters aremore likely no

exceedoccupationallimits for the inhalation of car-

bon monoxideand respirableirritants such as par-

ticulate matter, acrolein, and formaldehyde
(McMahon 1999).

Air Pollutants
In general, fire workers experienceacute,

subchronic,andchroniceffectsof exposureto forest

fires.Theacuteexposuresto respirableirritantsthat
fire workerssometimesexperiencecanresult in runny
noses,tearingeyes,stingingeyesandnose,andde-
clines in lung function (Reinhardnen al. 2000).A
studyofTimeWeightedAverage(TWA) particulate
matterexposuresamongwildiand firefightersdocu-
menteda high exposureof 37 mg/in

3.with a mean
exposureof 9.5 mg/in3 therebyexceedingtheOccu-
pational Safety and Health Administration-
PermissableExposureLimit (OSHA-PEL), which
limits meanexposureno 15 mg/in3 (Manernaen at.
1999). A studyof a “mop-up crew” an a forest fire
found that 14% of exposuresno total particulate
mannerexceededtheOSHAceiling limit. Exposures
no PAHsandcrystallinesilicaamongthiscrewwere

belowOSHA-PELs.In somecases,theexposureof
firefightersno PAHsmaybeconsistentandlongterm,
extendingfor severalweekswhile theyare on duty
(Ronhman1999).Chroniclungdysfunctionamong
fire workerscanoccur as a resultof thecumulative
effectsof exposuresno smokeoverlonger time spans
(Liu en al. 1992).

Exposureno unsafelevels of carbonmonoxide
from burningvegetationcan causefire workers no
experiencenausea,headaches,fatigue,impairedcog-
nitive abilities,andreducedworkcapacity(Reinhardn
en al. 2000). Researchon fire worker exposuresno

carbonmonoxide is equivocalon the issueof dose-

exposures.Somestudiesfoundthatfire workers’ ex-
posuresno carbonmonoxideduringan 8-hourwork
shift did not exceedthe OSHA-PEL of 35 ppmlhr

(McMahon and Bush 1992).Ar wildfires, instanta-
neouscarbonmonoxideexposuresof fireline crew
havebeenmeasuredno rangefrom 3-80 ppmwhich
is belowtheOSHA ceilinglimit of 200ppm.Other
studiessuggestthat fire workersmaybe exposedno
dangerouslevelsof carbonmonoxide.For instance,
a studyofcarbonmonoxideconcentrationsnearfire

workersdownwind from aNorth Carolina fire mea-

suredpeak levels of carbon monoxidean 500 ppm

with averageexposuresan 75 ppm (Brauer 1999).

Otherstudiesof wildland firefighersdocumenteda
risk for exceeding5% carboxyhemoglobin,theNa-
tional Institute of OccupationalSafetyandHealth
(NIOSH) recommendedlimit (Maternaenal. 1992).
The carbon monoxide exposuresamong gasoline

pumpoperatorsan forest fires can reachas high as
300 ppm exceedingthe 051-LA ceiling limit (Ma-
rernaen al. 1992).

In thePacificNorthwest,researchersmeasured

200 shift-exposuresand burn-duration time-
weighted-averageexposuresto pollutants among
prescribedfire crews over a period of 3 years
(Reinhardnetal. 2000).Theexposuremeasurements
were taken for a variety of fire workers including
the “burn boss,”lighting crew, holding crew,hold-
ing supervisor,attack crew, enginedriversandrid-
ers,sawyer,and“mop-up crew.” Two percentof the
groupexceededtheAmerican Council of Govern-
mentalandIndustrial Hygienists-ThresholdLimit
Value (ACGIH-TLV) for carbonmonoxide during
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an eight-hour work shift. Eight percent exceeded

carbon monoxide limits during a tonal burn
(Reinhardt en al. 2000). For respirableirritants
(formaldehyde,acrolein,andPM35), 14% of shift-
averageexposuresand30% of exposuresfor the to-
tal burn exceededACGIH-TLVs. Thus, in some
cases,firefightersmayreceive dosesof particulate
mannerthat are greaterthan OSHA-PELs (Liu en
al. 1992).

Fire workers maybe exposedno aldehydesan
levels that exceedOSHA-PELs (Liu en al. 1992).
Aldehydesthathavebeendetectedin biomasssmoke

include formaldehyde,acenaldehyde,furfural, and

acrolein.Onestudyfoundthan biomasssmokecon-

tains more formaldehydethan any other aldehyde
while anotherstudyfound acrolein no be the most

abundantof the aldehydes(Manernaenal. 1992).
Studies of wildland firefighters have docu-

mennedmoreadversehealtheffectsof air pollutants

comparedno thoseamongfirefightersan prescribed
burns.An the 1988 YellowstoneFires, firefighters
suffereddeclinesin lung function indicatedby de-

creasesin FEV1 andincreasesin methcholinerespon-
siveness(Manernaen al. 1992).Dust is the only air

pollutant for which exposuresamongYellowstone

firefighters exceededNI OSH occupationallimits.

Psychological Sressors
Wildland firefighters, like other emergency

workers, suffer numerouspsychologicalstressorsin
addition no physical stressors.Fox and Bowlus

(1996:42)list the following causesof stressamong
wildland firefighters: “line of duty death(s)or trau-

manic injury, severelyinjured or deadinfants and
children,very close calls that are particularly life
threateningor emotionallyupsetting,an incident
attractingexcessivemediainterest .. . a disaster
fire shelterdeployment,burnovers,roll out of burn-
ing debris,andfalling deadtrees(snags).”

Fifty percentof333wildlandfirefightersreported
experiencing12 our of 45 stresssymptoms(Table2)
listedon a questionnairein the surveyadministered

byFox andBowlus(1996).Table3 includesstrategies
usedbywildland firefightersno copewith stress.

Table2. Main psychologicalstresssymptoms
of wildland firefightersandthe percentageof

respondentswho experiencedthesymptom
(Fox andBowlus 1996).

76%
69%
63%
62%
62%
59%

56%
56%

54%
56%

53%
52%

Frustration
Irritability
Anger
Sadness
Sleepdisturbances
Mood swings
Avoidanceof feelings

Lossof enthusiasm
Fatigue
Relationshipproblems

Anxiety
Depression

Table3. Wildland firefighters’ copingstrategies
(FoxandBowlus 1996:44-45).

concentrateon other things”

exercise
“think abouthow thingscould have

beendifferent if differentactionswould
havebeentakenby the individual”
“talk abouttheincidentwith coworkers”
“talk with family andfriends”

“think about the humorousaspectsof
the event”

85% “try no be morehelpful to others”

The genderof the fire worker influencedstress
experienceswithin theFox andBowlus (1996)survey
population,with womenexperiencingemotionaland
acutephysicalstressmoreoften thanmen.Ethnicity
alsoinfluencedstresswithNativeAmericanfirefighters
experiencinglessstressthan CaucasianandAsian
firefighters.Therewere no significantdifferencesin
copingstrategiesbetweenagegroups,betweenwomen
andmen,or betweenethnicgroups.

91%

88%
88%

87%

86%
86%
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Firefighter Safety
Firefightersasan occupationalgroupencoun-

ter numerousinjuries anddeathsfrom a variety of
causes.Severalprogramsandorganizationshavebeen
establishedno addressfirefightersafety.Oneexample
is theFireFighterFatalityandInvestigationProgram
establishedby the NationalInstitutesfor Safetyand
Health in 1998 to understandandpreventfirefighter
injuriesanddeaths.Anotherexampleis the Federal
Fire andAviation SafetyTeam who, togetherwith
the National InteragencyFire Center, publishes“6
Minutesto Safety” (http://www.nifc.gov/sixminunes/
indexj.asp), a web-basedprogramwhoseobjective
is no educatefirefightersin themostup-no-datesafety

initiatives. The National InteragencyFire Center
maintains SAFENET (http://safenet.nifc.gov/),a
systemwhoseobjectiveis no ensurefirefighter safety

by enablingall firefighters to report unsafeworking

conditions. The National Wildfire Coordinating

Group (NWCG) provides safety training for
firefightersandpostsweb-basedsafetyalerts.

On theNWCG’swebsine(http://wwsv.nwcg.gov/
teams/shwt/index2.htm),is a list of firefighter injuries
and deathsfrom 1910-2002. Since 1910, 883
firefightershavedied while on duty (Table4).

Table4. Numbersof firefighter fatalitiesfor
someof the main causesof accidentsfrom

1910-2002(source:National Wildfire Coor-

dinating Group: http://www.nwcg.gov/teamsl

shwn/index2.htni).

Burnover
Heartattack
Aircraft accidents
Snag
Helicopteraccidents
Airtankeraccidents
Enginerollover
Burns
Dozerburnover
Electrocution

433
93
47

32

30

25
22
21
16
9

Direct Injuries
Firefighterssometimesbecomevictims of un-

predictablefire behavior.In 1999,two volunteerfire
fightersdiedwhentheywereoverrunastheytried no
flee upslopefrom a fire advancingthroughahollow.
A forest rangerdiedafterreceivingsecondandthird
degreeburnsover60%of hisbody.Hereceivedburns

while fleeing on foot from anadvancingfire after a
bladeon his bulldozergot stuck in a tree.

Motor vehicleaccidentscausedeathsandinju-
riesamongbothvolunteerandcareerfirefighterswho
aretraveling to orfrom fire sites.The mostcommon
causesof deathfor careerfirefighters areasphyxia-

tion andtraumaticinjuries non relatedno motor ve-

hides.Themostcommoncausesof deathforvolun-
neer fire fighters were asphyxiation and traumatic

injury from accidentsinvolving motorvehicles.

Contact with electrical currents caused 10
firefighter deathsbetween1980 and 1999according

no the National Fire ProtectionAssociation.Some
of the avenuesthroughwhich fire fighterscomeinto
contactwith electricalcurrentsare: downedpower
lines; electrical currentstransmittedthrough the
ground; water application tools.chargedwith elec-
trical currents;electrically chargedequipmentand

gear;andelectricalcurrentsconductedby smoke.

OtherHealth Effects

Deathsfrom heartattacksoccurduring fires.
For example, in 1998 an Alabama Forestry Com-

missionemployeediedofaheartattackwhile hewas
constructinga fireline (Wade 1998). In 2000, a
driver/operatordiedfrom arrythmiabroughton by
atheroscleroticcardiovasculardiseaseshortly after
clearingdebrisfrom a fireline as part of the USDA
ForestServiceWildland FireFighter“red card” cer-
tification program.

In their research,SpearandCannell (2002)
found that,amongmixinasnerswhomtheysurveyed,
exposuresno respirabledust,dyes,andhydrogencya-
nidein renardantsneverexceededthelimits dictated
by ACGIH-TLV TWAs or OSHA-PEL TWAs.
Mixmasnersare the group of fire workerswho pre-
parerenardantsthat areusedno control forest fires.
Typcially, retardantsare preparedby mixing water
into powderedchemicals.Commonfire suppressants
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such as Fire-Trol GTS-R andFire-Trol 300F con-
tam potentiallyhazardouschemicals.Thesechemi-

cals areeffectivefire suppressants,bun are also po-
tentially toxic no humans.Exposureno the ammo-
nium sulfate in these renardantsmay cause
“hypermotility, diarrhea,nausea,andvomitingfrom
ingestion” (Spearand Cannell 2002:66). The
diammoniumphosphatein renardantsmay cause
dermatitis,emphysema,asthmaattacks,and irrita-
nionsof theeyes,respiratorytract, andgastrointesti-
nal tract.Long-termexposureto retardantsmaycause
irritations no the eyes,skin, andrespiratorytract.

Fire workers are exposedno variable levels of
herbicides.Somestudiesrevealedthat forestwork-

ersareexposedto toxins from herbicidesthat were
applied no forests immediately prior no burning

(Malilay 1999). Other researchdemonstratedthat

the presenceof herbicidesfrom an applicationpre-
ceding a forest fire was not detectablein smoke

(Malilay 1999).
Charabegianenal. (1985) investigatednoiseex-

posuresamongseveralgroupsof fire workersinclud-

ing “fire line/camp crews, “helipad crews,” and
“ground crews”at an airbase.100%of helipadcrew

members, 100% of portable pump operators,and
30% of those “hot shot crew” memberswho used

chain sawsreceivednoise dosesduring a 14-hour
work shift that exceededOSHA allowablelimits.
However,amongthefire line workgroupas awhole,

only 10% ofthe membersreceivedanoisedoselevel

above100%of the OSHA allowablelimits.

In sum, firefighters encounterunique health

risks while performingtheir occupationalduties.
Theyareexposedto unusualconcentrationsof haz-
ardsandpollutantswith atypical frequenciesof ex-
posure.Physicalfitness,workpractices,meteorology,
andfire characteristicsaresomesourcesof variation
in health outcomesamongindividual firefighters.
Fortunatelythere are numeroussafetyprograms
andgovernmentalregulationsthat minimize po-
tential harmful consequencesand protect the
healthof firefighters.Eventhoughfirefightersare
typically thepopulationmostat risk, governmen-
tal agenciesalso maintainlegalstandardsthat pro-
tectthe healthof the generalpublic from poten-
tially threateningactionsof forestfiressuchasthe

emissionof air pollutants and the reduction of
visibility on highways.

Visibility Impairment
The EnvironmentalProtectionAgency(EPA)

considersvisibility no bea mannerof “public welfare”
(EPA 1998).To protectpublic welfare,EPA hases-
tablishedprimaryandsecondaryNationalAmbient
Air Quality Standards(NAAQS) with the goal of
maintainingsociallyacceptablelevelsofvisibility. The
InteragencyMonitoring of ProtectedVisual Envi-
ronments(IMPROVE), a coalition of EPAemploy-

eesandfederallandmanagers,monitorsandenforces

compliancewith NAAQS. NAAQS applies to the
following six “criteria pollutants:”PM10 and PM25
(fine particulatematter), ozone, nitrogen dioxide,
carbonmonoxide,sulfur dioxide,and lead (Ameri-

canThoracicSociety2000).TheAmericanCouncil

of Governmental and Industrial Hygienists
(ACGIH), the National Institute of Occupational
SafetyandHealth(NIOSH), andtheOccupational
SafetyandHealthAdministration(051-IA) arethree
otherorganizationsthatmaintainexposurelimits and
occupationalstandardsfor thepollutantsthatoccur
in biomasssmoke.State,tribal, andlocal laws also
contributeno the regulationof “nuisancesmoke,” a
categorythatincludesthesmogthatlimits visibility.
Resourcemanagementorganizations,timber com-
panies,andprivatelandownerscooperatewith gov-
ernmentalagenciesin fire andsmokemanagement

activities(Munch2002).
The degreeof visibility reduction in any area

dependson thecharacterandconcentrationofsmoke
emittedby a forestfire combinedwith meteorologi-
calfactorssuchashumidityandwind patterns.Vis-
ibility decreasesas humidity ratesincreasebecause
morewateris availablefor particulatematterno ab-
sorbwhichincreasesthe ability ofparniculanesto scat-
ter light (EPA 1998).The high humiditythatis typi-
cally found in many partsof the Southresults in
morefrequentnuisancesmokein thisregion thanin
someotherregionsof theUnitedStates.Achnemeier
(2002:41) describesthe complexityof thesituation
as follows: “Menerology, climate, andtopography
combinewith populationdensityandfire frequency
no makenuisancesmokeachronicissuein thesouth.”



56 Journalof EcologicalAnthropology Vol. 7 2003

Theprincipleconnectionbetweenvisibility and
humanhealthis that the reductionof visibility due
no forest fire smokecancausehighwaymonorvehicle
accidentsleadingno injuriesandfatalities(Gohenal.
1999).Detailedstatisticsarenonreadilyavailablefor
the injuries andfatalitiescausedby visibility reduc-
tion. Someinformation is available,however.Be-
tween 1979 and 1988 therewere more than 28
deaths,60 seriousinjuries,andmanyminor injuries
on roadwaysin the southernUnited Statesdue no
low visibility (Mobley 1990).In 2000,reducedvis-
ibility on highways causedby forest fire smokere-
sultedin 5 automobiledeathsin Floridaand5 auto-
mobile deathsin Mississippi (Achnemeier2002). In

June2000, a 14-mile section of Interstate 95 in
Florida was closedwhen forest fire smokereduced
visibility no nearzeroandcaused5 traffic accidents
in onemorning(Machlis 2002).

“Superfog” is an extremelydensecombination

of smokeandwatervaporthat is emittedfrom smol-
deringfires andtheburningofwet fuels (Achnemeier
2002). Super fog is very dangerous when
monorvehicledriversencounterin alongroadways.A
2002wildfire in south Floridaproducedsuperfog
that causeda pileupwith severalfatalitieson Inter-
state 75. Five people were killed and another26
peoplewereinjuredon theMississippi/Alabamabor-
der in 2000in an accidentcausedbysuperfog. People
whoencountersuperfogwhile theyaredriving have
averydifficult timenavigatingtheir vehiclesbecause

0f the drastic reduction in visibility. Visibility can
decreaseno as little as threefeet whensuper fog is
present(Achtemeier2002).

Anotherconnectionbetweenvisibility andhu-
manhealthis that forest fire smokereducestheaes-
theticsof a vistawhich canhavepsychologicalcon-
sequencesforpeoplewho valueclearviews.The cul-
tural preferencefor scenicvistas that manyAmeri-
cansshareis consideredno be anAir Quality Related
Value (AQRV) (Tonnassen2000). The reductions
in visibility that sometimesaccompanybiomass
smokecanchangethe look of the landscape,typi-
cally in waysthatdo not coincidewith humanpref-
erences.Peoplehavemoreappreciationforthe beauty
of landscapeswhentheir views areunobstructedby
smog(Machlis 2002).

Governmentalregulationsrequire fire person-
nel no maintainair qualityandvisibility. Fire work-
ersarespecificallytrainedto managesmokeso that
thegeneralpublicencountersminimalamounts.Re-
searchersin the USDA ForestServiceandotherfire
agenciesdevotea greatdealof attentionno under-
standingsmokeanddevising techniquesno control
in duringwildflres andprescribedfires.Unfortunately,
thereare caseslike the onesmentionedabovewhere
fire behavior,meteorology,andpopulationpatterns
makethisvery difficult if not impossible.

Health CareMeasures

“X~ildfire control and suppressiontechniques

contributeno the reductionof humanhealthcosts.
Prescribedfire practicesaredesignedto producemini-
mal humanhealth threats.The USDA ForestSer-
vice publishessmokemanagementguidelinesthat
instruct land managersin the bestways to reduce
the health costs of prescribedburns (Hardy en al.
2001). Numeroustechniquesare availableno land
andfire managersfor preventingandreducingthe
potentialforwaterpollution. Forexample,theBurn
Area EmergencyRehabilitation (BAER) program

includestreatmentsno preventor reducesedimenta-
non of water sourcesin areasaffected by wildfires

(LandsbergandTiedemann2000).Workersat pre-
scribedfires usetechniquesthatprotectwatersup-
pliesincluding“limiting fire severity,avoidingburn-
ing on steepslopes,andlimiting burning on sandy
or potentiallywaterrepellentsoils” (Landsbergand
Tiedemann2000:126).

Despitethe bestefforts of fire workers,bio-
masssmokesometimesreachesunhealthylevelsin
populatedareas.Outdoorgatheringsandactivities
should be curtailed during smokeepisodesto de-
creaseexposuresno air pollutants.Exercisingout-
doorsshouldbe avoidedwheretherearehighlevels
of biomasssmoke(Therriauln2001).Exercisersare
vulnerableno higherdosesof air pollutantsbecause
they tendto breathethrough their mouth and to
inhale fasteranddeeperbringing more pollutants
into the lungs.Public healthofficials recommend
that people stay indoors during smoke episodes
either in clean air sheltersor in homeswith clean
air (Therriauln2001).

Mu
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Outdoor air pollution can penetrateindoor
areas.To minimize indoorairpollution,avoid smok-
ing tobaccoandburning fossil fuels for heat, cook-
ing, or light. A variety of air filters can be used no
cleanparticulatematterandharmfulgasesfrom in-
door air. One of the most effective homefilters is
the air conditioner. High Efficiency Particulate
(HEPA) filters, andportableandelectronicair clean-
ersarealso recommended(Therriauln2001).

In somecases,in is necessaryno evacuatepeople
who live in an areawherebiomasssmokehasreached
unhealthy levels. Evacuationreducesexposureno

harmful air pollutants by moving peoplefrom sites

with high levelsof pollution to locationswith better
air quality.Evacuationis feasiblefor somemembers

of a community.Bun theremay be socio-economic
barriersthat hinder somemembersfrom evacuating,

suchasjob responsibilitiesandeconomiclimitations

(Morn 1999).

Peoplewho experienceadversehealth effects
from air pollution seekcarein hospitalemergency
roomsandare sometimesadmittedto hospitalsfor
respiratory(Patzenal.2000)andotherillnesses.Some
peoplesuffering from adverseconsequencesof bio-

masssmokeseekcarefrom privatephysicians.

Onehypotheticalmethodfor reducinghuman
health risksis no extinguishwildfires (Brauer 1999).

In reality in is non possibleno extinguishall wildfires
and completelyeliminatehealthrisks.Thecomplete

elimination of forestfiresasa sourceofairpollution

is non an option. It is possible,however,to minimize
air pollution andotherhealthriskswith appropriate

managementtechniques.

Discussion
Opinionson the healthimpactsof forest fires

aresomewhatequivocal.Someresearchershavefound
evidencethat biomasssmoke is injurious (Grant
1988),while othershavefoundevidencethatbiom-
asssmokedoesnon havesignificant adversehealth
effects (McMahon 1999; Van Lear andWaldrop
1989).Someresearchersarguethatpublichealthrisks
from biomasssmokeare minimalbecauseair pollu-
tion stemmingfrom forestfires rarelyif everexceeds
limits set by governmentalandnon-governmental
agencies(McMahon1999).Otherauthorsarguethat

seriousdamagesto public health,includingchronic
diseaseandprematuredeath,occureven when air
pollution levels arebelow the limits setby govern-
mentalagencies(EPA 1998; Schwartz1993).

The predominantview of fire ecologistsand
forest managersis that prescribedburning reduces
long-termnet healthcostsby reducingthe risksof
catastrophicwildfires thatcould resultin evengreater
levels of air pollution andhaveother injurious ef-
fects.Fire ecologistspromoteprescribedburning as
a techniquefor enhancingecosystemhealthin fire-
adaptedareasthat rely on periodicburnings.Many
fire ecologistsalso promotea “len in burn” policy for

wilcifires arguing againstthe expensivepolicies de-

signedto suppressor eliminateunplannedwildland

fires. In this view, fire is regardedas beneficial for
long-termecosystemhealth andhumanhealth.

The ambiguityin theresearchliteratureon the

healthimpactsof smokeis dueboth to the lack of
and inherentdifficulties with researchon this topic.
As previouslymentioned,most researchon smoke
effectsinvestigatessingleconstituentsof smokesuch
as aldehydes,PAHs, particulatematter, hydrocar-
bons,inorganicgases,andtracegases.Much of this
researchteststhe effectsof thesepollutantson human
health from sourcesother than forest fires such as

automobilesand industrialproduction.Anotherde-

ficiency of the researchliterature is that moststud-

ies look an short-termhealthoutcomes,while very
few studiesof the long-term health effectsof expo-

sure no biomasssmoke exist. Despite theselimita-

tions,ourunderstandingofbiomasssmokeisincreas-

ing dueno a growing interestin this subjectamong
thegeneralpublic,within the scientificcommunity,
andamongpolicy makersandlandmanagers.

Researchon this topic shouldcontinuein order
no fill someof thevoidsin existingknowledge.There
is a needfor more researchthat investigatesindi-
vidualsandcommunitiesin areaswhereforest fires
burn. Thesestudiesought to considersmoke as
peopleactuallyencounterin during forestfires; that
is, a whole, complexmixture of interactingchemi-
cals andparticles.Among the current literature,
thereis astriking lackof informationabouttheper-
ceptionsof individuals. Future researchon the
healthimpactsof fire could be improvedby using
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ethnographicmethods.Researchwouldbemuchmore
texturedif it includedaccountsof thewaysthanindi-
vidualsinterprettheir experienceswith forest fires.

Eachfacetof thehealth-firerelationshipought
no be connextualizedin a particularfire eventanda
particularenvironment.A themethatemergesfrom
theliteraturereviewedin thisarticle is thevariability

0fhealtheffects.Throughouttheliterature,research-
ers statethat the degreeno which fires impact air
quality,waterquality, and thushumanhealth,vary
dependingon the particularfire’s behavior, meteo-
rological conditions,andhumanbehavior,To beac-
curate,future researchoughtno coordinatethe char-
acterisnicsof particular fires with local environmen-

tal traits, in addition no local humanconditions.

The inseparabilityof human health and eco-

systemhealthin thecontextof forestfires is appar-

entin theresearchcurrendyavailable.Yen, our present

understandingis somewhatreductionisnicand gives
disproportionateattention no the physiological ef-
fects of fire. A moreholistic view of thehealth im-
pactsof forest fires would investigatepsychological,
social,cultural,economic,andpolitical consequences
aswell. Future investigationsshouldpay more at-
tentionno links betweenphysiologicalandothertypes

of effectsof forestfires on people(e.g.,psychologi-

cal, economic,cultural). A holistic presentationre-
quiresboth scalingup by connextualizingbiomedi-

cal andchemicalanalysesandscalingdown by add-

ing fine-grainedunderstandingsof individuals’ lived

experiences.In sum,I suggestthat in the future, re-

searchersexpandtheir methodologicalrepertoireand

useintegrativemodelsno betterunderstandrelation-

shipsbetweenpeopleandfire.
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